Previous studies from this laboratory revealed that phosphatidyl serine (PS) isolated from platelet phospholipid extracts by silicic-acid column chromatography could replace blood platelets in tests of thromboplastin generation and prothrombin consumption of platelet-poor "native" plasma (1, 2). When rigorous criteria of identification were employed, it was found that phosphatidyl ethanolamine (PE) fractions contained traces of PS (2); coagulant properties were therefore difficult to evaluate. Rouser, O'Brien, and Heller (3) recently accomplished the complete separation of PE from PS by means of a double column technique using silicic acid and ammoniated silicic acid. Their studies were carried out on lipids of beef brain, but the methods could be applied to human brain and platelet extracts.
Previous studies from this laboratory revealed that phosphatidyl serine (PS) isolated from platelet phospholipid extracts by silicic-acid column chromatography could replace blood platelets in tests of thromboplastin generation and prothrombin consumption of platelet-poor "native" plasma (1, 2) . When rigorous criteria of identification were employed, it was found that phosphatidyl ethanolamine (PE) fractions contained traces of PS (2) ; coagulant properties were therefore difficult to evaluate. Rouser, O'Brien, and Heller (3) recently accomplished the complete separation of PE from PS by means of a double column technique using silicic acid and ammoniated silicic acid. Their studies were carried out on lipids of beef brain, but the methods could be applied to human brain and platelet extracts.
In 1961, an earlier study of the fatty acids of platelet phosphatides with gas-liquid chromatography was reported (4). PE and PS were then, of necessity, studied as a combined fraction, and similarly the choline phosphatides were not adequately separated. In addition, the significance of oxidative changes consequent to prolonged separations and exposure of phospholipids to air was not appreciated, a factor which influenced the over-all results.
Zilversmit, Marcus, and Ullman (5) reported that 16 per cent (dry weight) of total platelet lipid extracts were in the plasmalogen form (phospholipids that liberate higher fatty aldehydes on hydrolysis). It could not, however, be determined how the plasmalogen was distributed among individual phosphoglycerides, although it was known (2) that the b)ulk of plasmalogen was associated * Investigation supported by a grant from the New York Heart Association. Presented in part at the meetings of the Federation of American Societies for Experimental Biology, Atlantic City N. J., April, 1962. with the combined PE-PS fractions. When methyl esters of fatty acids of phosphoglycerides are formed, the aldehydogenic chains of plasmalogens are simultaneously converted to dimethylacetals. These derivatives can be separated from methyl esters on polar and nonpolar gas-liquid chromatographic columns (4, 6, 7) , thus affording an additional qualitative and quantitative measurement of plasmalogen to supplement other analytical methods (5) .
In the present study, human platelet PE and PS were separated by techniques that minimized oxidative changes, which permitted an accurate evaluation of the activity of these lipids in different blood clotting systems. In addition, it was possible to carry out a detailed study of the fatty acid and fatty aldehyde composition of platelet phosphatides by gas-liquid chromatography.
MATERIALS AND METHODS
In order to standardize and insure reproducibility of the extractions, separations, and coagulation tests, 8 preliminary runs were performed with lipids of fresh, human brain tissue. The main data to be presented are the findings of 7 similar runs with human platelet material. Although details of the brain separations will not be presented, certain pertinent comparisons will be made with platelets.
Solvents were freshly redistilled in glass, and 1 per cent methanol was added to the chloroform after distillation. Procedures and transfers were carried out under highly purified nitrogen, less than 10 parts oxygen per million. Extracted lipids were not exposed to the atmosphere. "Deoxygenation" of solvents was carried out in a rotary evaporator connected to a water pump vacuum. Solvents were subjected to reduced pressure for 3 minutes after bubbling had ceased, and atmospheric pressure was restored with nitrogen. Absolute ethanol was rendered aldehyde-free by the addition of 3 g per L m-phenylenediamine dihydrochloride. After 24 hours, the ethanol was collected by distillation. Preparation of platelet lipid extracts. Thirty-four units PLATELET PHOSPHATIDES of blood from donors with normal or elevated platelet counts were collected and processed (2) . A large heterogeneous pool was used to minimize the possibility of alterations in fatty acid composition due to dietary differences. Extraction was performed on approximately 13 g (wet weight) of platelet material at a time and yielded about 400 mg of lipid which was the starting material for each separation. The platelets were weighed, transferred to a Waring Blendor, and homogenized in 150 ml chloroform: methanol 2: 1 for 40 seconds in a nitrogen atmosphere. The contents of the Blendor were transferred to a new sintered glass filter of coarse grade. Gentle suction was applied beneath the filter, which was covered with a funnel through which nitrogen was passed. When filtration was complete, the material on the surface of the filter was dried, and 150 ml of the same solvent was added. After 5 minutes, gentle suction was resumed and the re-extraction repeated. Finally, the filtrate was passed through fat-free sharkskin filter paper into a sidearm Erlenmeyer flask and was dried under reduced pressure and nitrogen in a 300 C water bath. During evaporation, deoxygenated absolute ethanol was added to the flask, thereby forming a water-ethanol azeotrope to aid in removal of last traces of water (8) . The dry material was dissolved in chloroform: methanol 4: 1, a sample removed for weight determination, and the remainder stored under nitrogen for a maximum of 12 hours at -200 before column chromatography. After storage, a precipitate was noted, which occasionally was removed by filtration without alteration of results. In most runs, the extract was placed on the columns intact. Silicic acid chromatography. Mallinckrodt silicic acid, 100 mesh, was used. Sixty g of silicic acid was washed three times on a sintered glass filter with 180 ml of methanol, followed by 180 ml chloroform: methanol 1: 1, 180 ml chloroform, and finally 60 ml methanol (3). The washing was facilitated by mild suction. The silicic acid was then placed in a 1,000-ml three-necked flask and heated 12 to 15 hours at 1200 C under negative pressure and nitrogen. After cooling, 200 ml of chloroform: methanol 4: 1 was added and the slurry poured into the glass column. The apparatus used was that of Hirsch and Ahrens (8) with one modification: column dimensions were altered to 2.5 X 40 cm so that 60 g of silicic acid extended to a height of 20 cm after application of nitrogen pressure (3). About 400 mg of platelet lipid was applied to the column in a small volume of chloroform: methanol 4: 1, and the chromatography was done at 100 C. A stream of nitrogen was passed into each tube as it filled. Fractions were collected by hand (9) , which permitted immediate capping and storage at -200 C. Samples of the 10-ml fractions were removed and examined by means of a rapid Ninhydrin 1 test (3), and approximately every tenth tube was studied in greater detail by thin-layer and silicic-acid paper chromatography. The flow rate was adjusted to 2 ml per minute by nitrogen pressure. The elution pattern was also followed by adding 1 ml of eluate to 1 ml 5 N sulfuric acid in a 30-ml Kjeldahl flask and heating at 3200 C for 5 to 7 minutes, after which no further charring occurred. The intensity of charring was an index of the amount of organic material present. Eluting solvents for the first silicic-acid column separation (run A) were chloroform: methanol 4: 1 until the fractions became negative to Ninhydrin.
The run was completed with 990 ml chloroform: methanol 5: 4 and 500 ml chloroform: methanol 1: 9 (10). One-ml samples were removed for phosphorus determination, and before storage of fractions under nitrogen at -200 C, 0.1 ml concentrated ammonia was added to each tube in order to retard plasmalogen breakdown (3). The final concentration of ammonia in each tube was 0.15 M.
All Ninhydrin-positive fractions from run A were verified as solely a mixture of PE and PS by thin-layer and silicic-acid paper chromatography. These were pooled, evaporated to 5 ml, stored at -200 C, and applied 12 hours later to a deoxygenated ammoniated silicic acid column (3) . This procedure, run B, separated PE from PS. The PE was eluted with chloroform: methanol 4: 1, and the retained acidic PS with methanol. Fractions were monitored as for run A.
Phosphorus was analyzed by the method of Bartlett (11) . The procedure was carried out in 25-ml, graduated, blood-sugar tubes (Nash, combination type) in a heating block. Standard curves were determined for the Coleman Jr. spectrophotometer at 700 my and the Beckman DU at 830 miz; for convenience, measurements were made with the Coleman instrument.
Thin-layer chromatography. The identity and purity of lipids in individual fractions and pooled material was determined by this useful technique. Silica gel plates 2 were prepared, the lipids applied, and the chromatograms developed in a solvent system of chloroform: methanol: water: concentrated ammonia, 75: 25: 4: 1 (3, 12) . For identification, the air-dried plates were sprayed with 50 per cent sulfuric acid and heated in a convection oven at 2500 C for 30 minutes. Less than 25 jug of phospholipid could be detected on the chromatograms. Although Rf values were not reproducible on thin-layer plates, the principal purpose of this chromatography was the detection of oxidation products and minor components. Large amounts, 0.5 to 1.5 mg, of some fractions were analyzed by thin-layer chromatography as a rigorous test of their purity: contamination with more than 0.01 mg of other lipids could be excluded.
Silicic-acid paper chromatography. This was used to supplement and confirm the findings with thin-layer chromatography. The methods were the same as previously reported (1, 2) .
Oxidation studies. The pooled PE and PS fractions were examined for the presence of auto-oxidative changes as follows. Samples were dissolved in cyclohexane at a concentration of 1 mg per ml and transferred to 1-cm cuvettes. The molar extinction coefficients were determined at 235 and 275 my (3) (5, 14) . A 3-ml sample was removed from a total PE pool and the determinations were carried out in quadruplicate. These samples contained 1.08 Amoles phosphorus per ml. PS was not analyzed by the technique because of the small amounts recovered. Calculations of dimethylacetal peak areas by gas-liquid chromatography --were correlated with the results of iodine addition and the combined information was used as a measure of plasmalogen.
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Gas-liquid chromatography. A Barber-Colman model 10 chromatographic apparatus equipped with two columns and two strontium' detector cells was employed. U-shaped pyrex glass columns, 4 or 6 feet in over-all length with an internal diameter of 4 to 5 mm, were used. Column performance and linearity of detector response to mass were checked at least twice a week with standards obtained from the Metabolism Study Section of the National Institutes of Health. The range of error was 0 to 3 per cent. Gas-liquid chromatographic analyses on individual methyl ester samples were repeated many times with varying quantities before conclusions were drawn as to column performance. Initially, quantification of dimethylacetals gave results that were low. This was found to be a function of the pH of the stationary support. Traces of acid resulted in distorted peaks of reduced size-probably aldehydes-that separated poorly from methyl esters.
Methyl esters (and dimethylacetals) were formed from column eluates as previously reported (4). In the lecithin and sphingomyelin fractions, methyl esters were also produced by the method of Nelson and Freeman (15) , as well as by sealed tube hydrolysis with 5 per cent hydrogen chloride in superdry methanol (4) .
Nonpolar columns. The stationary supports used were Chromosorb W, Gas-Chrom P, Gas-Chrom CL, GasChrom Z (siliconized),4 Anakrom AB, Anakrom ABS (siliconized), and Celite 545.5 Initially, all of these 80-100 mesh supports were washed with acid and alkali. The pH was 6.4, as determined by suspending a small amount of powder in distilled water. When the stationary supports were directly coated with stationary phase, Apiezon L or M, the dimethylacetals did not appear. It was found that the stationary supports must not be brought back to neutrality after the alkali wash (16, 17) . They were treated thereafter in the following manner. The material was washed with 1 per cent methanolic potassium hydroxide, which was removed by filtration through a Buchner funnel. The support was dried in a convection oven for 12 hours at 1200 C, and then at a concentration of 1 mg per ml distilled water, the pH of the powder was 7.4. The alkaline stationary support was coated with 10 to 15 per cent Apiezon L or M (18) . The columns were conditioned for 12 to 24 hours at 2250 to 2500 C under argon pressure slightly above that used for normal operation. During the conditioning period, the columns were "soaked" with loads of 75 to 100 mg mixed methyl esters (19) . The column efficiency was 2,700 theoretical plates at methyl stearate. Detector cells were operated at 750 to 1,250 v, depending on the amount giving optimal linearity, and the amplifier setting was 3 X 10' a. The column temperature was 1970 C, the detector was maintained at 2200, and flash heater at 1970 C. Argon pressure was varied to achieve optimal flow rates. For comparison, methyl esters of platelet PE and PS were simultaneously analyzed on an Apiezon column at the 4Applied Science Laboratories, State College, Pa. 5 (4) . 6 Applied Science Laboratories, State College, Pa. 7 Several batches of catalyst-free EGA of high molecular weight (7) centrated. Oxidation and breakdown products, which appear as extra spots (3), were absent. Identification was further confirmed by silicic acid paper chromatography and the pattern shown by the fatty acids and aldehydes on gas-liquid chromatography. Figure 5 represents the absorption spectra of platelet PE and PS, respectively, as well as of the oxidized forms of these phosphatides. The lipids formed clear solutions in cyclohexane, which was a prerequisite for spectrophotometry (3) . Molar extinction coefficients at 235 and 275 mu averaged 279 and 47 for PE, while the values for PS were 618 and 179. These findings indicated that minimal oxidative changes took place (21) . Figure 6 depicts a thin-layer plate of the oxidized PE and PS samples shown in Figure 5 .
Blood coagulation studies A. Thromboplastin generation test. Table I shows results obtained with the various phospholipids studied and with controls. The shortest 2202 substrate clotting times obtained after 6 minutes of incubation in the TGT are presented, and the amount of lipid phosphorus introduced into the generating mixture is indicated. Separate TGT experiments were carried out 6 times with similar results.
PE had no activity in the TGT in any conetntration. The PE preparations in which emulsification was enhanced by ancillary means were also inert in this test. Clotting times obtained with PS were invariably within 2 to 3 seconds of control values. The PI fractions (run A, peak 2) containing PS were also highly active. Clotting times with this combination of phospholipids were not more than 1 second from control times at optimal concentration. Lecithin and sphingomyelin had no clotting activity. In general, optimal clotting times were noted with PS at a 1: 10 dilution. When active materials were more concentrated, a typical anticoagulant effect was observed 6000-5800- (1, 2). PS, and total platelet lipid extracts were studied in the recalcified clotting time of platelet-poor plasma. In marked contrast to results with the TGT, PE showed good activity in this system. PS was slightly more active than PE at all concentrations. Coagulation times with total platelet lipid extracts were consistently shorter than the purified phosphoglycerides. All concentrations of lecithin and sphingomyelin were inert. PI, which contained PS, gave the same values as PS. This combination of lipids had good clotting activity. The series of recalcified clotting times were carried out on 5 separate occasions with the same results. All clotting studies carried out with brain phospholipids gave results similar to those obtained with platelet phosphatides. Table II lists the molar distribution of the fatty acids and aldehydes in separated platelet phosphatides on EGA columns. (Table III) .
Gas-liquid chromatography
The dimethylacetals in PE comprised about 33 moles per cent of the total fatty chains. If the aldehydogenic group is linked to the a' (C-1)
PLATELET PS EGA on Gas Chrom-P 173 3xIO10 Amps. As in phosphatidyl ethanolamine, arachidonic was the main unsaturated fatty acid.
carbon atom of glycerol and an unsaturated fatty acid is linked to the (C-2) carbon as an acyl ester (see Discussion), then PE is 66 per cent in the plasmalogen form. This agrees with results obtained by iodine addition, in which PE was found to contain 65 per cent plasmalogen. Iodine addition showed 5 per cent of the choline phosphatides to be plasmalogen.
DISCUSSION
An important advance in lipid chemistry is the technique of quantitative isolation of PE separately from PS in a high degree of purity (3, 9) . It was possible to recover these lipids in relatively substantial amounts from platelets. Molecular extinction coefficients were determined at 235 mtu, the region of conjugated diene hydroperoxide absorption, and at 275 m/L, a region which shows other products of auto-oxidation (21 ) . The PE and PS preparations were essentially free of oxidation products, and findings were similar to those previously reported by Rouser and associates (3). In our experience, other techniques for the separation of PE from PS such as Folch fractionations or single silicic-acid column runs invariably resulted in mixtures of lipid classes as well as oxidation products.
PI was eluted as a sharp peak, but thin-layer and paper chromatography of concentrated samples showed the presence of traces of PS. Similar identification procedures revealed lecithin fractions to be pure. The sphingomyelin peak contained traces of lecithin. Although lecithin and sphingomyelin can now be separated (9), the procedure was not used in this study. The over-all pattern of run A was similar to that obtained with red cell (10) . Thinlayer chromatography was valuable for rapid detection of contaminating lipids and oxidation prodtucts. This procedure, in combination with silicicacid paper chromatography and the fatty acid patterns on gas-liquid chromatography was sufficient for evaluation of completeness and purity of the separations.
Since adequate amounts of platelet PE separated under nitrogen were available to us for the first time, an intensive effort was made to study its properties in the TGT, a system that has been found sensitive and specific for evaluating clot-promoting properties of phospholipids. This phosphatide is inert in the TGT, even if adequately suspended. Indeed, it is probable that activity in this test with PE preparations is an indication that they contain trace amounts of PS (2) . This finding has also been reported by Slotta and Powers, who studied brain "cephalin" fractions, separated by the Folch technique (22, 23) . In contrast to its inert behavior in the TGT, PE was effective in shortening the recalcified clotting time and active in other test systems (13, 24) .
Wallach, Maurice, Steele, and Surgenor (25) separated PE from egg yolk, and in the unoxidized state it showed good clot-promoting activity in the thrombin generation test. These authors stressed that coagulation properties of PE were associated with micelles of a limited size and surface configuration, dependent upon the presence of a high percentage of polyunsaturated fatty acids. In this important study, the investigators have pointed out that information derived from colloid chemistry of soaps seems to be applicable to blood coagulation. Although these findings have added a great deal to our knowledge, it remains for future research to determine whether the early phases of blood coagulation, involving phospholipids and plasma proteins, can be attributed mainly to colloidal properties of the phosphatides. It is important to mention that human platelet PE is not comparable to egg PE with special reference to two points: a) platelet PE is 66 per cent in the plasmalogen form, whereas egg yolk contains no plasmalogen, and b) on the basis of the fatty acid composition given for egg yolk PE (25) , a substantial degree of diunsaturation must be postulated, but from present evidence, the existence of such molecules appears unlikely in platelet PE.
PS fractions were active in the TGT to the same extent as previously noted (1, 2) . Our observations and those of other investigators were confirmed (22, (26) (27) (28) . It would have been of interest to study the clotting activity of PI, but contamination with PS was unavoidable. In TGT experiments with PI isolated from peas,8 the material was inactive. The results with platelet and brain PI, containing small amounts of PS, were striking in that these showed excellent activity in both the TGT and recalcified clotting times.
Lecithin was inactive in the TGT and recalcified clotting time. Gas-liquid chromatographic studies indicated that it contained approximately a 1: 1 molar ratio of saturated and unsaturated fatty acids, and traces of aldehyde. This may indicate that the presence of a 50 per cent molar content of unsaturated fatty acids is not the only requisite for coagulant activity of phospholipids.
PE and PS consistently and uniformly shortened the recalcified clotting time of platelet-poor plasma. The results with PE are in excellent agreement with those of Rouser, White, and Schloredt (13) as well as with those of experiments performed with these phosphatides in a collaborative study by Ferguson, Marcus, and Robinson (24) . In our hands, the PS was more active than PE. On the basis of weight, however, the total platelet lipid extract and brain "cephalin" preparations were even more active in the recalcified clotting time.
In earlier experiments with the TGT (1, 2), PS fractions were many times more active than total lipid extracts on the basis of weight. It was surprising that PS, present as about 4 per cent of the total platelet lipid, showed only a fivefold increase in activity over total platelet lipid controls. This result was less than expected if all the activity in platelets were due to PS. There are two possible explanations: a) purification procedures may exert some unknown effect to diminish the clotting activity of PS, and b) the other platelet lipids, in themselves inactive, may enhance the PS activity. Such findings may also indicate that under physiological conditions, all the platelet phospholipids are responsible collectively for thromboplastic activity.
When the purified phospholipids were stored in cyclohexane under nitrogen, their clotting activity was retained for long periods. Even under these circumstances, however, they eventually showed spectrophotometric evidence of oxidation, and activity in the TGT was markedly diminished. In the Ferguson two-stage clotting test (24) , the activity of PS seemed to improve after oxidative changes took place, and a similar phenomenon has been observed in other coagulation systems (25) .
When difficulty was encountered in gas-liquid chromatographic analysis of dimethylacetals on nonpolar columns, the initial impression was that "acid sites" in the inert supports were responsible for hydrolytic changes, despite the fact that they were in a neutral pH range after acid and alkali washings. A systematic study of available gasliquid chromatographic supports showed that uncoated packings that were made alkaline to a pH of 7.5 before application of the stationary phase gave good results. Pretreatment of stationary supports with alkali was first suggested by James (19) , and this procedure has been in common use for chromatography of methyl esters and fatty aldehyde dimethylacetals on Apiezon columns (6). We also found that alkali washing of stationary supports improved the results with EGA columns.
It has become apparent from gas-liquid chromatographic studies on aliphatic diamnines (29) that treatment with alkali is not merely neutralization of "acid sites," but a more complicated phenonmenon, not yet understood. It has been emphasized that gas-liquid chromatographic analyses, especially of plasmalogens, ought to be carried out on two types of columns, polar and nonpolar (7) , and it seems desirable to confirm the accuracy of this method of plasmalogen calculation with other techniques such as iodine addition ( 14) , or the p-nitrophenylhydrazone reaction (5 (12) . These differences increase the need for confirmatory methods of determining plasmalogen.
Certain characteristics of the fatty acids and aldehydes that are distinctive for the various types of platelet phosphatides are worthy of comment, but their relevance to the biological properties of these phospholipids is not yet known. The main unsaturated fatty acid in PE and PS was arachidonic, as previously reported (4) when the "cephalins" were studied as a group, but now the 20: 4 distribution is better defined. Although stearic was the main saturated fatty acid in PE, it accounted for less than 20 moles per cent of the fatty chains, whereas about half of the fatty acid components of PS were stearate. The fatty acids of lecithin showed substantial quantitative differences from PE and PS. Palmitic was the main saturated and oleic the main unsaturated fatty acid. The amount of oleate was increased over its level in the PE and PS fractions. Although arachidonic acid was low in the choline phosphoglycerides, more was present than originally reported (4) when separations were carried out under less stringent conditions with regard to oxidative changes.
Recently, important studies on the structure or phosphoglycerides have been reported by Marinetti, Erbland, and Stotz (32), Debuch (33) , Tat- trie (34) , and Hanahan, Brockerhoff, and Barron (35) . They indicated that in the plasmalogen and diacyl forms of PE and lecithin, the a' (C-1) carbon of glycerol was linked to either a saturated fatty acid or an aldehyde, and the , (C-2) carbon, to an unsaturated fatty acid. In platelet PE, the molar ratio of saturated fatty acids plus aldehydes to unsaturated fatty acids was unity (Table IV) , as also for PS and lecithin. Farquhar has reported similar ratios in the fatty chains of erythrocyte phospholipids (12) . These findings furnish indirect evidence that the fatty chains of human platelet and erythrocyte phospholipids are arranged as in other tissues (32) (33) (34) (35) . In general, there are many similarities between red cells (12) and platelets with regard to plasmalogen content and fatty acid composition. Farquhar found erythrocyte PE to be 67 per cent plasmalogen and 66 per cent of platelet PE is in this form. The main red cell fatty acids were similar to those of platelets in the separated "cephalin" and choline classes.
PLATELEST PHOSPHATIDES
Recently, the large percentage of plasmalogen in human erythrocytes (12) and human myelin (36) led to speculation that these lipids might share common functions in cell plasma membranes. Since platelet phospholipids are similar to red cells and myelin, they may also be considered as largely derived from the plasma membrane. It will be important, however, to know the lipid composition of platelet organelles such as mitochondria before definite conclusions can be drawn. Further investigation will also be required to determine whether analogies of structure and function are possible in tissues showing the same membrane lipid constituents. Generalizations about the relationship of biological activity to lipid composition must be reconciled with differences in phosphatide make-up between the same tissues of various animal species (37, 38) . As Gray and Macfarlane have demonstrated, investigations in comparative biochemistry indicate the need to avoid premature correlations of this nature (37, 38) .
Although the function of plasmalogens is not known, speculations have been made (12, 39) . Participation in blood coagulation is possible, but earlier investigations (5. 13) have given evidence against such activity. SUM MARY 1. Two types of column chromatography, silicicacid and ammoniated silicic-acid, were used to fractionate the phospholipids of human blood platelets and obtain highly purified phosphatidyl ethanolamine (PE) and phosphatidyl serine (PS). All separation procedures were carried out under nitrogen, thus minimizing oxidative changes. Fatty acid and plasmalogen concentrations were meastured by gas-liquid chromatography on polar and nonpolar columns.
2. A total lipid extract of 400 mg contained 25 to 35 mg PE and 13 to 16 mg PS.
3. There were distinct differences in the fatty acid and fatty aldehyde composition among the separated platelet phosphatides. Stearate, oleate. and arachidonate predominated in the "cephalin" class, while the main fatty acids of lecithin were palmitate and oleate. Plasmalogen was found mainlv in the ethanolamine phospholipid group. Sixty-six per cent of platelet PE was in the plasmalogen form. 4 
